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Abstract: The effects of exogenous protease pre-enzymolysis treatment on the degree of gastrointestinal digestion and antioxidant activity
of earthworm proteins were examined following gastrointestinal digestion. Five proteases were used to prepare different hydrolysates of
earthworm proteins, and changes in the degree of hydrolysis, molecular weight distribution, and in vitro antioxidant activities of these enzymatic
hydrolysates were investigated based on simulated gastrointestinal digestion in vitro. Among these hydrolysates, the degree of hydrolysis of the
alkaline protease hydrolysate was the highest at 40.81%. The rates of DPPH and ABTS free radical scavenging were 27.36 and 175.46 pumol
TE/q, respectively, and the ORAC value was 0.70 pmol TE/mg. Following gastrointestinal digestion, the degree of hydrolysis, rate of DPPH free
radical scavenging, and ORAC value of the alkaline protease hydrolysate increased by 94.06%, 72.21%, and 120%, respectively, compared with
the products obtained via direct gastrointestinal digestion of earthworm proteins. A total of 10 823 peptides with molecular weight <3 ku were
identified in GHEWP, and 11 peptides with the highest activity scores were screened using bioware.ucd.ie to determine their activity threshold
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score for synthesis and verification. Among these, the peptides ATSGFFVY, HCFVLY, HLASGWY, HRY SDF, and HYANMY had the highest
comprehensive antioxidant capacities. The quantum chemical calculation results revealed that the active sites of ATSGFFVY, HCFVLY,
HRYSDF and HYANMY might be located at Tyr-8, Tyr-6, Tyr-3, and Tyr-2, respectively, and the active site of HLASGWY may be located at
Trp-6. The findings of this study indicate that pre-enzymatic hydrolysis using alkaline protease can enhance the degree of digestion of

earthworm proteins and also the antioxidant activity of their gastrointestinal digestion products.

Key words: earthworm protein; polypeptide; simulated gastrointestinal digestion; antioxidant activity
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B 2O, Trolox. /K ZEE. ToKBREREA.
SN, TR TR, YT Al

12 FENERE
SR B, KR pH . AEIRIER . B2

BEFERS . HANPT IR R R DAL
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B0 10 min, Y BE, FH#GRE 100 u FENTEEET.
25, VR TR, T-20 CIRIF&H.

=1 EBREK

Table 1 Enzymatic hydrolysis parameters

LS mEEOR THEOHR HIROH H46F9%H ARNELH
EEIREIC 50~60 45 35~55 35~60 45~60
EE pH A 8.0~9.0 6.0~7.0 6.0~7.5 55~7.5 6.0~75
S IRBEE 7/(UImg) 258 114 369 62 423
BRI C 55 45 55 45 55
Baf# pH 18 8.5 7 7 7 7
Il /U 2.5x10* 2.5%10* 2.5x10* 2.5%10* 2.5x10*
BafERT 8] /h 3 3 3 3 3
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KL, RHEAIEIMA 5 mL £3E1K, 485E
B HREYE], AHZE=IRETE 340 nm TlER
B DA L2 BRHIARAE RN 28, THA o IR o &
135 oTEaHNE

Z: 8 GBIT 22729-2008 4T, 4 1 mg/mL [¥1fff#
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Table 2 Effects of five proteases on degree of hydrolysis
# 5 4 AR AH NH BH PrH PaH
KAEEI% 40.8140.66° 33.74+1.2° 8.6040.64° 25.67+1.15° 10.1840.45°
Z: AH. NH. BH. PrH & PaH A3 ot w1k, K. L EANNKQEIEGRY, RITEAR TR N EFHEATEARE
57 (P<0.05),
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Table 3 Molecular weight distribution of hydrolysates
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Table 4 Antioxidant activities of five enzymatic components
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5 rh B P R ORAC S ) 1 el

B LR 4 AH NH BH PrH PaH
DPPH & g1k iA 68 A1 /(umol TE/G)  27.3640.80°  26.7320.72°  28.3940.19°  22.3440.38°  23.1240.92°
ABTS' B t LR A8 A /(umol TE/g)  175.46:4.49°  147.3342.82° 102.7542.33° 152.2841.49°  114.6843.00°
ORAC 1#/(umol TE/mg) 0.7040.09°  06140.08°  05940.06°  0.3540.07°  0.5640.04°

E: FATARTRR N B FERTAARFMEF (P<0.05). DPPH F= ABTS ikl # 8K & 39 % 2 mg/mL, ORAC X3 #5b

JE # 62,5 pg/mL.

MELEZERTTLIEH, AH FIARIMTE IS 5
P BT HAREE A RERG AR =T E A . R,
TEPER I B BT Hh v TR S 3 T 1 AT A,
WP AH B = rE .

24 WA E R EEE M E B EA T

A AN
241 KBEHSTEHH
25 GEWP F1 GHEWP U7k fRRE

Table 5 The degree of GEWP and GHEWP

Hon 4 AR GEWP GHEWP

KA % 22.9140.5 44.4630.31°

7Z: GEWP. GHEWP 53k T & & AL =4,
TR TS G E QBT H, ERTREFRATERS
#* (P<0.05).
7 6 GEWP, GHEWP Y9 FE= 07
Table 6 Molecular weight distribution of GEWP, GHEWP
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3 000~2 000 3.52 471
2 000~1 000 11.48 12.59
1 000~500 24.31 2351
500~180 45.30 38.45
<180 11.67 15.02
GEWP 5 GHEWP FI7KA#REE 5 7355040 70 il WL
L5 MK 6. HE S AIH, HEHBAHAEEL, SRl
AbFR SR e R A KRS R T RS (P<<0.05),
F OB R BRI B AT DASE b R T AR
H# 6 1 %1, GEWP 5 GHEWP 73 &0 i L ait
{EAR EL R ZET B R A A B o 2 A BB AR PR 20

TR, 2B AR Ry R S
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242 GEWP 5 GHEWP #9#LafbiE it
FH & 3a I %1, GHEWP (1) DPPH H HEERRAE /)

BEET GEWP (P<0.05). GHEWP ) DPPH [
HERE N 50.63%, HER Trolox HEN
3539 umol TE/g, W3F=T AH, MELT GEWP

(20.55 pmol TE/Y) THFRZFIRE [ 72.21%, SXIiE5H
i (34 308 3o T 0] 1 9 PR o) 45 75 B /N 20 1 2 R EE
5 mg/mL I (RTEERAE JIAH 2 . B 3a Hh ABTS i 4h
xW, GHEWP [J ABTS HHI&iHEkREEN EEKT
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GEWP (P<<0.05), HH', GHEWP ] ABTS H i
TBRRAEJET AH, TTRERZ N GHEWP Hf Bt
EHLT AH ZD, KT RAEHB R, FIAH
TP AN aE B T, G 8 h (=) ABTS
H HEIE R A AT EEM 4 h s B, 18 3c
GEWP. GHEWP #iI AH 7r5 H HE:BT TR R

a 200
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= L b a
0 120 = GHEWP 2 [
2 o160f
= =3 AH
g 140 - .
2 120f cl
R 100 F '
o
i; 80 -
60|
2 o LI
@m0} ,_C_‘ =
0 1 T
ABTS

DPPHiA %
215

HHXT S R

Kihsk, 11E 5018, GEWP f1 GHEWP [f] ORAC
5435174 0.35. 0.77 pmol TE/mg. GHEWP [£] ORAC
{EAAEET GEWP Fil AH 43345 7 120.00%-10.00%.
MEERTTPIE H, GHEWP EAAF I KHiEa sk
TETEEELE LT GEWP, TiHIMEL T EHEEH, Wi
Bigf v 3 25 B sy B A PR .
b 1.0 R
0.8
0.6

04+

02}

0.0
0

3 GEWP. GHEWP B9MRSMREILIEME
Fig.3 Antioxidant activity of GEWP, GHEWP in vitro
JE: RRNB FEEA TR —RE T B 254 £ % (P<0.05). DPPH #= ABTS iXla PAf e/l 2R E 34 2 mg/mL, ORAC iXia+

HS IR A 625 pg/mL.
*® 7 IMEHKFT
Table 7 Antioxidant peptide sequence
%5 RABFI] A STREN B FKMEUARAM FEREARAK
201 WIPRPPE 893.4755 2 5 1
202 WMIRMS 854.369 1 2 4 1
203  ATSGFFVY 890.425 4 2 5 3
204 WVSPLH 737.3855 2 4 1
205 PNGYTLF 810.400 6 2 5 2
206 YVPYLL 766.4232 2 6 2
207 HCFVLY 837.390 3 2 4 2
208 HLASGWY 832.378 6 2 4 2
209 HRYSDF 823.361 3 2 2 2
210 HYANMY 813.316 1 2 4 2
211  AWGLSGR 745.394 2 2 3 1
2.43 GHEWP #) HPLC-MS/MS 547 B 7 FR.

KH LC-MS/MS 2460l GHEWP ' Mw<<3 ku i
TR P EIER Y A, FAE Y 500~3 000 u. JRHE
JRAE SR AP S, F MASCOT #22% uniprot 34
£, 13310 823 %Mk (). réa kit o1&
—fBAE 500~2 000 u. ZIERR e 2~20%°, —
A 8988 MIKAFE FikRr s, (5 EEL) 83.04%. 18
i PeptideRank Chttp:/bioware.ucd.ie) i+5 ik B4 4
Vs ME M ORE %, JF @ i BIOPEP % FE

C http:/Avww.uwm.edu.pl/biochemia/) TN 44
VB SRS, S 11 NBERTEAGE
BRI T & I IETE T, AR AR E

170

11 MUEALIRIY EH B 2EERRRE S LR 8. ik 8
AL 7R 1L A PUAALR R, JE 207 A 1R I DPPH
HHEERAE )1, BEMT GHEWP (P<<0.05), H
RIKMZEAT DPPH H H2EiERRAES; 75 ABTS HH
iRy, SRIERE I ERE R T
GHEWP (P<<0.05). 203. 207. 208. 209. 210 [
ABTS" [ H1 2575 B BE 0 AH B T LA AE i 22 57 B 2

(P<<0.05); 7E ORAC si4eH, B 206 4, HARPUA
LK ORAC {4 %% & T GHEWP 5 GEWP
(P<<0.05). ZEfr b 11 MUK DPPHL ABTS
E LR LS ORAC fH, AILAE H 203, 207,
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208. 209, 210 HHEELIFIE LT . AE AT 7
Mg, BUEALKA Cys FRFIEXTERR DPPH H Hit
HABEETHR, AT Cys BARIIPTAEMILXT DPPH H
HE NG RRRE B2, PUEMIRE IR HIH ) Tyr.
Trp~ Cys J& Met BRFLEEXNTHTE MG FR ABTS Fl%E H
A EE M. ASIGH S R S HE B, 78
1 APEE, JHf 207 FERFERF T SH Cys
KR, R DPPH H HZTERRRE 1Ef, Haphisd
1LJEXT DPPH H HHEATGERRRE /T, 203, 207, 208,

209 210 FER/KPERIEERIAAN 55 I SR A
RHMP. HAFEEIA, B VER IR L
TUAALARTERR B AR RE IR R, N S EBR /K
PRI A AR I SR GE R AES . (A5
B2, B 203, 207, 208, 209. 210 4b, HARPrHA
Rk B PR FE R LU AR =, (HERIRA AL
EHIFARE, XU R AR PTE A
RIETERME A3, BHRFPHI. SEEH . ERE
BT eI P R IR

&8 11 MR BHEERREE
Table 8 Free radical scavenging ability of 11 peptides

%5 RABAFZ  DPPH A v A R4 A/ (umol TE/G)

ABTS' A ey L& R 48 /7 /(umol TE/G)  ORAC {8 /(umol TE/mg)

201  WIPRPPE 8.8840.18'
202 WMIRMS 15.860.31°
203  ATSGFFVY 10.9246.36°
204  WVSPLH 14.0440.16°
205 PNGYTLF 9.1440.55"
206  YVPYLL 13.680.38°
207 HCFVLY 125.7246.05%
208 HLASGWY 16.2740.22°
209  HRYSDF 9.3840.41¢
210  HYANMY 19.4140.94°
211  AWGLSGR 8.2640.50'

305.9043.57' 3.9340.12¢
298.0642.95' 4.2740.14°
752.6943 44> 1.8240.04"
350.5548.55" 4.3430.17°
567.35:42.47" 1.840.08"
593.6528.36° 0.6440.07'
798.7243.41° 1.9540.11°
732.2948.17° 4.5540.15°
669.19+47.30° 2.3640.12°
765.8047.30° 5.0140.15°
410.39+4).96° 3.5940.19°

E: B 3A B R #) B TR A 3% £ 7 (P<0.05). DPPH iX3a ¥ £ 5iR & 5 1 mgimL, ABTS X3 ¥ 455K & 4 0.5 mg/mL,

ORAC R # 56K 4 15.625 pg/mL.
244 FLEAAKE ML EAEN
a a

4 AAMTEAKET HOMO 2376

Fig.4 HOMO distribution of five antioxidant peptides

7£: ah ATSGFFVY; b 2 HCFVLY; c % HLASGWY;
d % HRYSDF; e % HYANMY.

Pk 2.4.3 11 203, 207, 208, 209. 210 HHATHL
FACTENEAL KT 2 TRUERIR VN, T RHTL
R SEIN R FIRT 2 707 BE B H I BB A R
HOMO & 5 5 A% 12k S B2 ) B SR 2 i, W &
R E R TR AR, PR e s A IR Y
HOMO # 5 [ FHIE S R i A7 P2 43 7 45 Hg i
WA, 7 TAERRPEVA I AR R S AL B b Ay 22
SO, AL B A OR . > T AERR IR
HUBRA S, AR B R TR T R A% R
TR G555 FH) HOMO 4345, B L7
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EHERL S HOMO XSt i fede b a0, 14 4
RNAANPUEARE) HOMO 7341l . B 4 nfLLE H,
ATSGFFVY. HCFVLY. HRYSDF. HYANMY Z:J{
MK HOMO #5328 AE Tyr b Tyr g5k
e RN SFITE R p-n 580, ErRERA R
ff ] DAV B BIPREA () A 4A BB AT L AR
TEEIGS, NIRRT Gy RO A T M 2 1k
B HEFE AR, T Tyr B & i 2R DLERRRRE o
HLASGWY [f] HOMO F 54T Trp-6 [rINs| (]
B, HmsbE EEARSIMERGRIIYE R AR,

A DURE USRS ST A H - 2 9 9 ATSGFFVY
HCFVLY. HRYSDF. HYANMY HESE R b M)tk
JE T B FLAT /0 A Al HLASGWY  Hlg[Iedt B J5 (1)
B2 M. MR 9 il LLEH: TSGFFVY .,
HCFVLY. HRYSDF. HYANMY F{ZER A #25EH O
JR 5 AR R B, PRLAREINNX DY AR I 32 B A7
F AN Osg-Har (Tyr-8). Oug-Higr (Tyr-6). Ogs-Hags
(Tyr-3). Ogr-Hzs (Tyr-2); HLASGWY g[St N
JRF B AT O, [RIEHED, HLASGWY HI3f
BN Nag-Hiop (Trp-6).

xR 9 AMAENKRARS R FHBEEIH
Table 9 Partial atomic net charge distribution of five antioxidant peptides

ATSGFFVY HCFVLY HLASGWY HRYSDF HYANMY

RT  AdF(e) RT  AdF(e) ¥

Fuie)  RT Auke BT ALEE)

Os5s  -0.643 684 Oy -0.674835 Cyp
Csy  -0.204 968 Cs  -0.257 464 Cys
Ce  -0.195158 Cs;  -0.166 996 Cu

-0.235 035 Oy» -0.679 356 Cq 0215684
-0.175 386 Cyx  -0.204990 Cq  -0.191045
-0.174 396 Cyp -0.185090 Cg  -0.207 891

Cer  0.306 307 Cs, 0383136 Cis  -0.182442 Cy 0376752 Cq 0339345
Cey -0.223604 Cs3  -0.206 690 Cs  0.056 887 Cs; -0.217 100 Ces -0.139324
Ces -0.194571 Cs, -0.188614 Cy 0295817 Cs;;  -0.188486 Cg  -0.193 260
Ces 0104413 Cs;  0.175690 Ny  -0.682 235 Cs  0.226 895 Og; -0.687879
Cy,  -0.011552
Cs  -0.011552
3 4£Eip [4] 272 S0 G, 55 I BN 22 R 2R TT /N

AT R TR AT A O b o B 1 AT AL
PE, $RmEtoRE A B R AT . B
AR O I IREAR RS B, AR
HTEYERR . 2RI [ R TS 2 v A =4
Y AN A PUATE PR K. ATSGFFVY .
HCFVLY. HLADGWY. HRYSDF, 4Mrix iAHi4A
PRI EYESL 5, G5 R BAPTAEA IR R S R A £
QAT A P A B DT, DL R EE SRR
FIF i e e A R i o =R e b e B A RT B
P, $EEHETRENE, HONET O A AYE
PERRIB TR T —E 5% .
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